Background: This study investigated whether smoking defined as smoking status and smoking level is associated with sarcopenia after the age of 50 years by sex using data from the Korea National Health and Nutrition Examination Survey. Methods: The total number of subjects in this analysis was 8,622. Participants were queried on smoking status (current, past, never) and smoking level (light, ≤11.3 pack-years; medium, >11.3-24.5 pack-years; heavy, >24.5 pack-years). Sarcopenia was evaluated by dividing the body weight by the appendicular skeletal muscle mass (ASM/Wt). Logistic regression analysis was performed to examine the association between sarcopenia and smoking, after adjusting for potential confounders. Results: Smoking status was not associated with sarcopenia in men and women, but smoking level and sarcopenia were significantly related in women.
INTRODUCTION
Smoking is probably the single most significant source of toxic chemical exposure to humans and considered one of the main causes of preventable disease and premature deaths worldwide. The health consequences and medical costs associated with smoking are staggering. 1) Cigarette smoking increases the incidence of cardiovascular and cardiopulmonary diseases. 2) In addition to the known harmful effects of smoking, smoking causes changes to the body composition regarding low skeletal muscle and increased abdominal adiposity. Thus, smoking may cause sarcopenia that refers to the loss of skeletal muscle mass and strength, leading to the increased risk of fall-related injuries, metabolic impairments, and overall mortality. 3) Sarcopenia has multiple causes such as intrinsic and extrinsic factors. [4] [5] [6] Intrinsic factors include increased insulin resistance, advancing age, diabetes, metabolic syndrome, 4) hormonal change, loss of repairabil-Some cohort studies have identified smoking as a reversible risk factor for sarcopenia. 7) A previous study has reported that older smokers had lower relative lean mass when compared with subjects who had never smoked, suggesting that smoking may increase the risk of sarcopenia by promoting muscle wasting and accelerating the decline in physical functioning. 8) The strategies that delay or prevent the onset of sarcopenia are likely to have major consequences for public health. 9) Thus, an understanding of smoking as a risk factor for sarcopenia could help in the design of preventive interventions, which is of considerable importance for healthy aging.
In a meta-analysis of individual studies about the relation between cigarette smoking and sarcopenia, the resulting overall odds ratio (OR) of the association between smoking and sarcopenia was 1.12 (95% confidence interval [CI], 1.03-1.21), indicating that smoking as an isolated risk factor may contribute to the development of sarcopenia. 10) However, the results of individual studies were largely inconsistent. In a previous study, the estimation of men was significantly below OR=1,11) whereas, the estimate of another study of men was significantly above OR=1.12) This could be influenced by the design of the study; smoking was not the main topic and the different approaches to measuring the main variables including sarcopenia and smoking affected the results.
In the case of smoking status, nearly every study involved in this metaanalysis was based on the subjective evaluation of participants. A uniform assessment method of smoking status was not used, even though a method of smoking level was developed, such as pack-years regarding the period and quantity of smoking, so, the assignment to categories of smokers and non-smokers could not be as objective as in the case of sarcopenia categories. 10) In the aging process, declining sex hormone levels in adults over 50 years of age begin to expedite the changes in body composition by gender. 11) We examined the relationship between smoking status and smoking level (pack-years) and sarcopenia among individuals aged 50 years or older by sex, who participated in the Korea National Health and Nutrition Examination Survey (KNHANES).
METHODS

Study Population
This study extracted participant results from the KNHANES from the year 2008 to 2011. The KNHANES is composed of a health interview survey, a health examination survey, and a nutrition survey conducted by trained investigators. The KNHANES employed a rolling sampling design that implemented a complex, stratified, multistage probability-cluster survey of a representative Korean population sample. 13) Of the 37,753 participants from the KNHANES of 2008-2011, we initially selected those over 50 years of age, and then excluded participants who had any malignancy, whose data for variables included in the analysis were missing, or who were pregnant. The total number of participants in this analysis was 8,622 (3, 696 
Measurements
1) Smoking
Participants were categorized on smoking status. According to the self-report response, participants indicated whether they were never smokers, past smokers, or current smokers. Past smokers were defined as individuals who had smoked in the past, but no longer smoked and current smokers were individuals who reported smoking at the survey. Never smokers were individuals who reported never having a cigarette or <100 cigarettes in their lifetime. Participants who were current or past smokers were asked about the number of cigarettes smoked per day, the age of smoking onset, and if quit, the total number of years of smoking.
Pack-years, a measure of smoking exposure that takes into account both the amount and duration of smoking, was calculated by multiplying the number of packs smoked per day by the number of years a person has smoked. We grouped the pack-year data for smokers into quartile: light smoking (≤11.3 pack-years), medium smoking (>11.3-24.5 pack-years), or heavy smoking (>24.5 pack-years). 14) 2) Sarcopenia Appendicular skeletal muscle mass (ASM) was measured by dual-energy X-ray absorptiometry (Discovery-W; Hologic, Inc., Bedford, MA, USA). ASM (kg) was defined as the sum of the lean soft tissue masses of the arms and legs. 15) Sarcopenia was defined as an ASM/Wt (%) that was less than 1 standard deviation below the mean of a sample of healthy adults aged 20 to 39 years. 3) The reference group of this study included Korean J Fam Pract. 2018;8(5):752-758
Korean Journal of Family Practice KJFP 4,987 healthy adults without any history of chronic diseases such as diabetes, stroke, coronary artery disease, thyroid disease, arthritis, tuberculosis, asthma, chronic obstructive lung disease, liver cirrhosis, and cancer. 16) The cutoff value for sarcopenia was 23.8% (ASM/Wt) for women and 30.3% (ASM/Wt) for men, defined as less than 1 standard deviation below the sex-specific normal mean for the reference group in this study.
3) Covariates
Covariates consisted of age, family structure, education, income, job, drinking, physical activity, total energy, protein, fat, blood pressure, fasting glucose level, triglyceride level, high-density lipoprotein (HDL)-cholesterol level, and waist circumference. Family structure was categorized as living alone or living with another family member. Education level was divided into 2 categories as ≤middle school or ≥high school. Monthly income was divided into quartiles according to the equivalent household income, as low, medium, or high. Drinking was classified according to the reported amount of drinks consumed on average per week or month: ≥a times/week, 1-4 times/month, or <1 time/month. 17) Physical activity was assessed using the International Physical Activity Questionnaire. 18) The subjects were categorized into low, medium and high levels of physical activity based on their total physical activity (metabolic equivalent task min/week) and the frequency of the activities. Dietary intake such as total energy, protein and fat were measured by the single 24-hour dietary recall method. Among metabolic risk factors, based on the National Cholesterol Education Program Adult Treatment Panel III guidelines, high blood pressure levels referred to values of more than 130 mmHg of systolic blood pressure or 85 mmHg diastolic blood pressure, or taking anti-hypertensive medication. High fasting glucose levels were more than 100 mg/dL or taking a hypoglycemic agent or insulin therapy. High triglyceride levels were more than 150 mg/dL or taking medication for dyslipidemia treatment. An HDL-cholesterol level of less than 40 mg/dL for men and 50 mg/dL for women, or taking medication for dyslipidemia treatment was considered high. High waist circumference was more than 90 cm for men and 80 cm for women. 19) 
Statistical Analysis
All sampling and weight variables were stratified, and the statistical analyses were performed using SPSS version 20.0 (IBM Corp., Armonk, NY, USA) to account for the complex sampling design. In order to calculate the total population that the sample would represent, we employed the stratification variables and sampling weights designated by the Korea Centers for Disease Control and Prevention. All data were described as unweighted frequencies, weighted percentages, means, and standard deviations. Subjects' characteristics were compared according to the presence or absence of sarcopenia, using the t-test or chi-square test for categorical variables and the generalized linear model for continuous variables. Multiple logistic regression analyses were used to determine the association between sarcopenia and smoking.
RESULTS
Characteristics of the Study Subjects by Sex
The general characteristics of the subjects are shown in Table 1 .
Among the men, the percentage of past smokers was higher in sarcopenia than non-sarcopenia. Among the women, the number of heavy level smokers was higher in sarcopenia than non-sarcopenia. Also, subjects with sarcopenia had lower protein intake amounts. In both sexes, age, job, physical activity, total energy, blood pressure, fasting glucose, triglyceride, HDL-cholesterol and waist circumference demonstrated statistically significant differences according to the presence or absence of sarcopenia. Subjects with sarcopenia were older and were unemployed. The levels of blood pressure, fasting glucose, triglycerides, and waist circumference were significantly higher in sarcopenia than non-sarcopenia.
Also, HDL-cholesterol levels were lower in subjects with sarcopenia. The prevalence of sarcopenia was 36.0% among men and 37.8% among women.
Association between Smoking Status and Sarcopenia
To identify the association between smoking status and sarcopenia, multiple logistic regression analysis was performed ( in the current smoking group compared with the never smoking group.
There was no statistical significance according to the smoking status in both sexes.
Association between Smoking Level and Sarcopenia
To determine the association between smoking level and sarcopenia, multiple logistic regression analysis was performed ( 
DISCUSSION
The results of this study demonstrated that the prevalence of sarcopenia was 36.0% for men and 37.8% for women older than 50 years defined by only muscle mass of ASM/weight among Koreans. One previous study which used other criteria for sarcopenia defined by muscle mass, muscle strength, and physical performance in middle-aged and elderly
Europeans reported that the prevalence of sarcopenia was 11.9% among men. 20) The difference in prevalence of sarcopenia is probably due to the lack of consensus regarding the optimal approach for diagnosis. Some initiatives have been undertaken to find consensus on a standardized definition of sarcopenia. 21) It appeared to be insufficient to diagnose sarcopenia by measuring only muscle mass. Therefore, two consensus definitions were suggested, including loss of muscle function or muscle strength and physical performance in its definition. 21) According to the definition used, prevalence rate estimates of sarcopenia among people aged 60 years and older can vary between 3% and 52%. 22, 23) Early identification of sarcopenia would be of great clinical relevance because the loss of muscle mass and strength with aging can be largely reversed by proper exercise and nutritional intervention. 24, 25) For adequate identification of sarcopenia, it is necessary to apply the proper definition of sarcopenia considering muscle mass, strength, and physical performance.
We found that the association of smoking level with sarcopenia was significant; after adjusting for confounding factors in women, the dose- Odds ratios (ORs) and 95% confidence intervals (CIs) were obtained by logistic regression analysis. Model 1 was adjusted for age, family structure, education, income, job, drinking, physical activity, total energy, protein and fat; Model 2 was adjusted for all variables in model 1 plus blood pressure, fasting glucose, triglyceride, high density lipoprotein-cholesterol and waist circumstance.
Korean Journal of Family Practice KJFP response relationship for smoking and sarcopenia was stronger in women than in men in this study. This is in line with previous study reporting an association between smoking and the age-related loss of muscle mass. 7) In this cohort study conducted to investigate risk factors for sarcopenia, it has been shown that smokers had lower appendicular skeletal muscle mass than did subjects who never smoked, and among the smokers, appendicular skeletal muscle mass values were lower in those who smoked more.
Recently, according to the model of accelerated muscle loss by smoking, potential metabolites of smoking such as aldehydes and reactive oxygen species that are assumed to be important in this process, enter the bloodstream and reach the skeletal muscles of smokers and accelerate muscle wasting by increasing oxidative stress, promoting muscle catabolic processes, and inhibiting anabolism. 9) Also, smoking can affect systemic processes leading to increased inflammatory activity, insulin resistance, and metabolism. These may also affect skeletal muscle, providing a possible physiological explanation for the catabolic effects of smoking. 26, 27) Another study revealed that smoking increased the risk of sarcopenia by impairing synthesis of muscle protein and increasing the expression of genes associated with impaired muscle maintenance. 28) In general, health risk behaviors such as low levels of physical activity and poor nutrition intake have a significant influence on sarcopenia and smoking is known to be associated with physical inactivity and malnutrition. 29) Our study identified smoking as an independent reversible risk factor for sarcopenia. Identification of the association between smoking and sarcopenia may help in developing strategies to prevent and delay the progress of sarcopenia for health promotion among smokers.
In this study, smoking status was not associated with sarcopenia in both sexes. However, another Korean study reported that smoking significantly decreases the risk of sarcopenia in men. 11) These differences might be partially explained by the design of the study, where smoking was not the main topic, unlike this study and sexual characteristics. Of note, smoking defined by smoking level was more closely associated with sarcopenia than that defined by smoking status in women. Sarcopenia refers to the gradual decline in muscle mass and quality noted with advancing age, which includes the concept of time. 6) In this study, the smoking level considering the amount and duration of smoking was more significant than the smoking status by the cross-sectional questionnaire. However, smoking level was not associated with sarcopenia in men. This seems to require more research on the relation between smok-ing and sarcopenia with more properly designed studies. This result suggests that smoking defined by smoking level might be an appropriate definition from a sarcopenia perspective.
The present study has several strengths. Our study identified smoking as the main topic for risk factors of sarcopenia using a representative nationwide survey. Furthermore, the pack-years method of assessing smoking designed by the World Health Organization 10) was used for evaluating smoking level. However, this study has several limitations. First, a cross-sectional study design precludes our ability to determine a causal relationship between smoking and sarcopenia. Also, we did not evaluate individual muscle strengths or physical performance in assessing sarcopenia.
Smoking is independently associated with sarcopenia in Korean women older than 50 years. Smoking defined by smoking level such as pack-years might be better for predicting the association with sarcopenia than that defined by smoking status in women. It is necessary to develop the health promotion program for assessing the high-risk group of sarcopenia by smoking level among smokers and apply smoking cessation counseling to them. In addition, longitudinal studies are warranted to investigate the role of smoking based on this definition such as packyears in predicting sarcopenia.
